At present, aircraft structural integrity is a concerned due to heavy usage of composite materials and cost saving on the operational. Structural health monitoring system is one of condition based monitoring introduced to supplement the current aircraft maintenance non destructive inspection. One approach is to embed or attach sensors such as lead zirconate titanate (PZT) to detect the anomalies either passively or actively. Due to the aircraft operational environment the defects and damage are likely to occur. Repair has to be carried out as per recommended and the requirement to replace back the sensors are important in order to monitor back the structure at post repair situation. The Lamb waves generated by using the PZT sensor can be used to monitor the surface structural integrity for damage or pristine condition. The effect of the lamb wave signals when surface condition of the aircraft component changes is concerned. One hundred data sets were recorded for the undamaged, damage and repair condition. An outlier analysis was used to analyze the situation by overlaying the isolated signal spectrum and the range of the voltage peak to peak (V pp ) mean values. Different signals were observed for different type of structural condition tested and more tests were required to make a conclusive solution.
The use of composite material for primary structure has been exponentially increased from 1980 until present. The usage was initially at 7% and has increased up to 50% presently [1] . Engineered composite materials are known as the advanced composite material has superior properties compared to metallic structure. However, due to the fiber composite anisotropic characteristics and different combination of fibers and matrixes have resulted new challenges in terms of damage, defect and repair methodology. This presents a challenging task in order to establish the remaining strength and life of the structure. The most common type of damage is due to impact that can lead to significant degradation of the material properties. Low velocity impact especially on CFRP structure can lead to barely visible damage (BVD).
In order to determine the degree of damage on composite structure, various types of non destructive testing/ inspection/ evaluation (NDT/I/E) have been developed. Currently, there is limitation of a single NDT/I/E techniques to detect all type of defects existed on the composite structure. The main NDT/I/E techniques are visual inspection, eddy current, ultrasonic inspection, acoustic emission, laser shearography and thermography [2] . The limitation of current NDT/I/E procedures still can effectively detect severe voids, disbond and delaminations in the composite component but are unable to detect weak or potentially weak bond [3] . The use of the PZT sensors can monitor this irregularity either passively or actively at the initiation level.
The use of advanced composite materials has changed the aircraft structure design and maintenance philosophies. When a metallic structure is damaged, a simple removal and replacement of the area can be done by using mechanical fastener which is rivets. For composite structure they are typically four types of repair approach which are external bonded patches, flush or scarf bonded patches, bolted patches and bolted & bonded patches. However the level of recovery of operating strain possible, by repair, is dependent on the stiffness of the laminate. The actual load to be transmitted by the joint is governed by the equation [5] (1) Where, P, e a , E x , and t are actual load, ultimate design strain, modulus in the primary loading direction and the laminate thickness respectively. Whereas a simple strength of materials can be applied to scrutinized the scarf join for the maximum allowable stress [6] . The equation is given by (2) Studies have shown the use of PZT sensors on experimental aircraft component such as flaps and wings are promising [7] and [8] . For this experiment, an aircraft spoiler was used as the experimental subject by mounting the sensor arbitrarily on the spoiler's surface.
Most of the structural damage diagnosis was done thru analytical or finite element modeling [8] , [9] and [10] . Although the results were accepted but it requires a powerful computing hardware, labor intensive interaction and modeling errors before a solution can be converged. Statistical Pattern Recognition through Outlier Analysis is the driving mechanism in analyzing the waveform spectrum produces by the active interaction of the PZT sensors in this experiment. The principles were 1) Operational Evaluation, 2) Data Acquisition & Cleansing, 3) Feature Extraction & Data Reduction and 4) Statistical Model Development or Prognosis [11] . Only no. 1 and 2 were concerned in this paper.
Outlier detection can be considered as the detection of cluster, which deviates from other normal trend cluster. One of the most common discordance tests is based on the deviation statistic [12] given by (3) where is the outlier index for univariate data, is the potential outlier and and σ are the mean sample and standard deviation. The multivariate discordance test was known as Mahalanobis square distance given by
where Z i is the outlier index for multivariate data, xi is the potential outlier vector and x is the sample mean vector and e is the sample co-variance matrix [12] and [13] . The result of the above equation is congregated when the distance of a data vector is higher than a preset threshold level. The pitch catch active sensing method [14] was used in this experiment. The APC 850 PZT sensors were produced by APC International, USA with a diameter of 10mm by thickness of 0.5mm. The investigation involved with three structural conditions on spoiler's surface in which subjected to normal/ undamaged, damage and repair area. Two PZT sensors were placed at 100mm apart acting as an active system. One sensor was set to be the actuator with the signal came from the function generator and the other one as the receiver connected to the oscilloscope for data capturing. The simulated damaged area was made by impacting the face plane with a blunt object. It created a partially damage crate about 20mm by 30mm with a partial depth of 10mm deep. For this experiment, the damage parameter was not a major concerned since the comparison only involved between undamaged and damaged surface. The repair area has similar initial damage as the previous condition. A flush type repair was conducted in accordance with the Airbus Structural Repair Manual (SRM). The hot bonder used was HCS9000B from Heatcon Inc. The scope of the research was concentrated on the use of active monitoring through PZT sensors on aircraft spoiler outer surface. Statistical pattern recognition was used to analyze the lamb wave generated by the PZT actuator. [15] The test was conducted by retrieving 100 data sets per structural conditions. By using Sigmaplot software each data sets were plotted and overlaid on each other. However, due to limitation of the processing power and the hardware, only five plots can be grouped at each time. Since there is 25000 points captured, the wave packets were investigated at 1000 points intervals. The first data set encountered a significant spike was isolated for further investigation. Once the isolated dataset has been highlighted, they were further bifurcate at 500 points for overlaid within their grouped structural conditions.
The set up of the system is shown in the figure below. The equipment used are TG1010A wave generator from TTi, GDS 2104 4 channel oscilloscope from GWs Instek, APC 850 Sensors from APC International, Sigmaplot software for replotting and analysis and Airbus A320 Spoiler donated by Spirit Aerosystem Malaysia. The setting for the wave generator was as follow, Freq = 50.000kHz, V= +10.0, V pp = 50Ω, DC = +0.00mV (+0.00mV), Sym = 50.0% (50%), Source = TGEN[A], TGEN = 3ms at 333.3 Hz, Burst Count = 0005, Phase = +000 0 (+000 0 ). The receiver was connected to the oscilloscope and further fine turning need to be conducted in order to achieve the desired signal. A total of 100 wave packets were taken for each conditions stated. Each wave packets consisted of 25000 points by default from the oscilloscope. From the 25000 points, it was then grouped to 1000 intervals data set for analysis. There were two significant spike occurred each at point 12000 ~ 13000 and 18000 ~19000 as shown in Figure 4 . By judgment, the first group of the spike was concerned and the data packet was zoomed again in 500 data intervals. Figure 5 shows the results of the wave packet upon synthesized by the 500 points. 
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Then, each of the structural conditions data were compared between each other to ensure the signals was homogeneous to each other. There were no references as the references were only the behavior of the waves themselves. The scattering of the V pp at the concerned wave packets were also examined between the three conditions in Figure 6 . The V pp showed similar values for the undamaged and damaged structure condition. It was assumed that the wave travel without discontinuity due to partial damage at that particular area. However several other types of damage need to be examined before any conclusive evidence can be finalized. A further post processing was done by overlapping the three conditions in one graph with similar time-domain comparison. The most common interest point lies within points 12250 ~ 12750. This was the first spike seen in the wave packet. In the earlier V pp comparison, the distribution data between the damage and undamaged were identical. Therefore it was difficult to interpret the data for the latter machine learning process. However, when all three data was overlapped, a significant different can be seen as shown in Figure 7 . The undamaged signals appear at the initial time frame indicated that there was a clean surface wave travelling from the actuator to the receiver. However, once the partial damage was introduced, the spike appear later about 200nsec due to the discontinuity of the spoiler surface. The unaffected wave bifurcated to the receiver with delay. For the repair condition, since the surface integrity has been restored by the flush repair, the continuity of the surface wave was preserved again with delay about 50 nsec .
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The outlier analysis can be applied to differentiate the condition of the surface integrity. However a more comprehensive data need to be considered when different types of damages are a major concerned. It was found that the PZT sensors can act well with the three conditions tested. The signal processing used is very robust due to a preliminary study on this event. The outlier comparison was proved to be applicable in showing the different wave packet generated received by the active sensing PZT sensors. However the distribution of V pp was not convincing as it cannot differentiate the damage and partially damage panel. The PZT conditional configuration and at arbitrary locations are needed in order have a more confident result.
